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The Li-ion batteries concentrate several

competitive advantages against other battery

chemistries, such as:
- low self-discharge characteristics,
- high discharge/charge rate of current, and “
- high-energy density

Objectives

However, they have several drawbacks, such as:

the limited calendar life,

safety issues,

high cost and also,

their performance should be carefully
monitored and controlled, since they are
sensitive to temperature, overcurrent and
overvoltage/undervoltage

- protection of the Li-ion batteries lifespan and

- reduction of the charging time to reach 80% SoC (state-of-

charge) in less than 20min



pcim

T Overview of the problem ASIA SHANGHAI
The problem ....

Li-ion batteries (LiBs) are They are the cause of several

the main energy storage ” problems that they are

media for several resulted from the need for

applications - withdrawal and recycling
During 2020, Li-ion batteries it 1s estimated to be increased to:
withdrawal from electric . 15GWh in 2025 and

vehicles 1s more than 1GWh

energy capacity - 110 to 230GWh 1n 2030

.

Serious environmental and economic problem
that will continue to expand every year
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.
Solutions
e wywt— '« Correct recycling Reuse as 2" Life
A M ctnamaes of the batteries o e

V=

End of Life

Y N\

Although it does not solve the problem

* Energy cost for recyclin
=Y UEE .. it provides significant possibilities

* Lithium obtaining through for better management
recycling has reduced quality
compared that from mining

Categorize according to the applications to achieve

> Imeieased mow itor baitery ioeyoing better utilization of their energy potential

Apply special techniques for performance

improvement and protection of the lifespan

The cost of a 2" life battery should be lower than a
new one
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Since the nominal voltage of a Li-
ion battery cell is relatively low,
...several cells are usually series
connected to provide the needed
voltage.

... the reason for imbalance problems between the battery cells
which are owed to differences in the operating characteristics,

such as self-discharge rate, coulomb efficiency, and energy
capacity.

The above, along with a potential increase in the internal
resistance may lead to considerable reduction of the energy
storage and power response capabilities.

to reduce the imbalances between the cell
operation and

keep their operation within acceptable
limits of temperature, current, and voltage
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Cell-to-cell

equalization methods: - Dissipative

- Non-dissipative

Common characteristic for their
implementation
... 1s the requirement for the real-time

knowledge of the battery cells parameters
(SoF, SoC, SoH).

=

the equalization
_ energy 1s consumed
by an ohmic resistance

the equalization energy is
exploited by the other
cells of a battery stack

From the impedance, several useful information
for the electrochemical condition of a Li-ion
battery cell can be extracted.

It can be estimated through the Electrochemical
Impedance Spectroscopy (EIS) technique

- single frequency and

- broadband.



Aim of the research project

pcim

ASIA SHANGHAI

Proposed hybrid
Battery-Supercapacitors

system

Battery Pack with the
proposed control system
Auxiliary Bat tery

Energy storage
System G—> Segment-1
AESS-1
Auxiliary
Energy storage Battery
System Segment-/V

AESS-NV

Application
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Battery Pack with the
proposed control system

Auxiliary

Energy storage ﬁ Battery ‘
System

Segment-1
AESS-1
Application
Auxiliary
E ¢ Battery
stem | ) Segment-N
AESS-N —
Characteristics:

"It is a hybrid energy storage system that consists of Li-1on batteries for the main
energy reservoir in back-to-back connection with an auxiliary energy storage
system (AESS) of supercapacitors (SCs) or Li-1on battery cells.

*"The auxiliary energy storage system:
- improves the battery cell-to-cell equalization,

- provides energy support to any weak or problematic cells and
- enhances the dynamic performance of the battery.
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Matrix switch +
s _H/f;/ zz; Cell-1
schank | | /. EBOFET | EE Matrix Power Switch System
RN BSWys1 |
-o” __H_ Cell-n I + HH- PLSW3’J L
Controller of | WY J-—lJ- ODD
SC-lt)l;‘:lll:?:col;l:grter e 1 BT-bank . -
. Cell-N,;

Battery (BT) cells

equalization

controller

Cell-N-1,

DC/DC Converter, j

Aucxiliary Energy Storage System, j

10



Equalization and Energy Support Algorithms Q,ﬁ:mm

ERAl al ARISTOTLE
=) «|9) UNIVERSITY OF

THESSALONIKI

k

“Start” signal by the BMS

Y

NO NO

ND,,==1

lYES

(AQRAE > AQRAEJh

\4

Evaluation of the | i
. : cost function CF” [€ Estimation of the
SoH., ~SoH ;,2S0H,,, , impedance of all cells
v of the j-segment bythe
EIS-based technique
Update of each cell of the authors
equalization current
Find the the two cells
with the lowest voltage v
k-th andkn—th NO Estimation of the
where V' > V" SoH of all cells
Energy Support Parameters of the j-segment by the
o0t with adjustable estimation YES EIS-based technique
current mode mode ¥ of the authors
J = Vk Equalization current
ref ¢ of each cell of the l
l Jj-segment is determined
i Determine the
Start PI Controlled-based _ R, (SoC', T')
Energy Support Process Start Cell Equalization and SoH’ arrays
Process
Energy Support Cell-to-cell Equalization Paratiieters Eetiniation
Algorithm Algorithm with Adjustable Algorithm

Equalization Current
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* An improved battery management system that consists of a combined scheme of
a non-dissipative equalization algorithm and an energy support algorithm

* Aim 1s to enhance the performance and protect the lifespan of Li-ion batteries.

* Specifically, the new control scheme properly regulates the equalization current
according to the priorities that the designer of the system has imposed to attain an
optimal balance between the objectives of high cell residual available energy,
acceleration of the equalization procedure, and reduced power loss in the
equalization converter, and also provides energy support in weak battery.

* When it 1s allowed by the operating conditions, the values of the battery cell
model parameters are real-time updated, so that improved accuracy of the
control procedures 1s accomplished.
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